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WITH3–FERCENT+HICK,BICONVEX

By JohnC.Heitmyer

SUMMARY

SECTION

A wing-bodycotiinationhavinga plametriangularwingofaspect
ratio4 and3-percent-thick,biconvexsectionsinstreamwiseplaneshas
beeninvestigatedatbothsubsonicandsupersonicMachnunibers.Thelift,
drag,andpitchingmomentofthemodelarepresentedforMachnunibers
from0.60to 0.92andfrom1.20to 1.70atReymoldsnumbersof1.66mil–
lion,2.91million,and4.15million.(ThemaximumMachnumberwas
limitedto 1.60atthehighestReynoldsnuniber.)

INTRODUCTION

A resesrchprogramis inprogressattheAmesAeronautical
Laboratoryto ascertainexperimentallyat subsonicandsupersonicMach
nunibersthecharacteristicsofwingsof interestinthedesignofhig&
speedfighterairplaes.Theeffectsofvariationsinplanform,twist,
csmiber,andthicknessarebe+@ investigated.Thisreportis oneofa
seriespertainingto thisprogramandpresentsresultsoftestsofa
wing+odyconibinationhavinga planetriangularwingof as~ct ratio4
and3-~rcent-thick,biconvexsectionsin streamriseplanes.Resultsof
otherinvestigationsinthisprogramarepresentedinreferences1 to 8.
As inthesereferences,thedatahereinarepresentedwithoutanalysis
to expeditepublication.
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lengthofbodyincludingportionremovedto accommodatesting

lift-dragratio

maximumlift-dragratio

Wch ntier

free-streamdynamicpressure

Reynoldsnumberbasedonthemsanaerodpmdcchord

radiusofbody

maximumbodyradius

totalwingarea,includingareaformalby extendingleadingand
trailingedgesto planeofsymmetry

longitudinaldistancefromnoseofbody

distanceperpendicularto plae.ofsymmetry

angleofattackofbodyaxis,degrees

dragcoefficient
()
~

liftcoefficient
()
lift
~

pitching+nomntcoefficientreferredto

(

pitchingmoment
aerodynamicchord qsc )

quarterpointofmean

slopeoftheliftcurvemeasuredat zerolift,perdegree

slopeofthepitching+nomentcurve~asuredat zerolift
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APPARATUS

WindTunnelandEquipmmt

TheexperimentalinvestigationwasconductedintheAms 6-by
6-footsupersonicwindtunnel.Inthiswindtunnel,theMachnunibercan
be variedcontinuouslyandthestagnationpressurecambe regulatedto
maintaina giventestReynoldsnunber.Theairisdriedto prevent
formationof condensationshocks.Furtherinformationonthiswind
tunnelispresentedinreference9.

Themodelwassting+nountedinthetunnel,thediamterofthe
stingbeingabout82percentofthediamterofthebodybase. The
pitchplaneofthemodelsupportwashorizontal.A k-inchdianeter,
four-component,strain-agebalance,describedinreference10,enclosed
withinthebodyofthemodel,wasusedto measuretheaerodynamicforces
andmoments.

Model

A photographofthemodelmountedintheAmes6-by 6-footwind
tunnelisshowninfigure1. A plananda frontviewofthemodeland
certainmodeldimensionsaregiveninfigure2. Otherimportantgeomet-
riccharacteristicsofthemodelareas follows:

wing

Aspectratio. . . . . . ... . . . . . . . . . . . .
Taperratio.. . . . . . . . . . . . . . . . . . . .
Airfoilsection(stresmwise). . . 3-percentthick,
Totalarea,S,,squarefeet. . . . . . . . . . . . .
Meanaerodynamicchord,F, feet.. . . . . . . . . .
Diehdral,degrees. . . . . . . . . . . . . . . . .
&?.d)er. . . . . . . . . . . S . . . . . . . . . . .

Twist,degrees.. . . . . . . . . . . . . . . . . .
Incidence,degrees. . . . . . . . . . . . . . . . .
Distance,wing-chordplaneto bodyaxis,feet . . .

Body

. . . 4

..* o
biconvex

2.425
: 1.038
. . . 0
. None
. . . 0
. . . 0
. . . 0

Finenessratio(baseduponlength Z;fig.2) . . . . . 12.5
Cross+ectionshape . . . . . . . . . . . . . . . .Circular
W.ximumcross+ectionalarea,squarefeet . . . . . . 0.1235
Ratioofmaximumcross-sectionalareatowingarea. . 0.0509
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Thewingwasconstructedofsolidsteel.Thebodysparwasalso
steelandwascoveredwith,aluminumto formthebodycontours.Thesur-
facesofthewingandbodywerepolishedsmooth.

TESTSANDl?130CEDQRE

RangeofTestVariables

Theaerodynamiccharacteristicsofthemodel(asa functionof
angleofattack)wereinvestigatedfora rangeofMachnumbersfromO.60
to 0.92 andfroml.20tO 1.70. Themajorportionofthedatawas
obtainedatReynoldsnunibersof 1.66millionand2.91million.Data
werealsoobtainedfora Reynoldsnumberof4.15millionatMachnunibers
Upto 1.60.

—

.

ReductionofData

Thetestdatahavebeenreducedto standardNACAcoefficientform.
Factorswhichcouldaffecttheaccuracyoftheseresults,togetherwith

.

thecorrectionsapplied,arediscussedinthefollowingparagraphs.
.

Tunnel+rallinterference.-Correctionstothesubsonicresultsfor
theinducedeffectsofthetunnelwallsresultingfromliftonthemodel .—
weremadeaccordingto themethodsofreferenceE. Thenumricalvalues
ofthesecorrections(whichwereaddedto theuncorrecteddata)were
obtainedfrom

At = 0.592CL

MD = 0.01035CL2

No correctionsweremadeto thepitching+ummntcoefficients.

Theeffectsof constrictionoftheflowat subsoticspeedsby the
tunnelwallsweretakenintoaccountby themethodofreference12.
Thiscorrectionwascalculatedforconditionsat zeroangleofattack
andwasappliedthroughouttheangle+fattackrange.At a Machnumber
of0.90,thiscorrectionamountedto a Z+percentincreaseintheMach
nuniberandinthedynamicpressureoverthatdeterminedfroma calibra-
tionofthewindtunnelwithouta modelinplace.

“ Forthetestsat su~rsoniospeeds,thereflectionfromthetunnel
wallsoftheMachwaveoriginatingatthenoseofthebodydidnotcross
themodel.No correctionswererequired,therefore,fortunnel+all
effects.

—
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Streamvariations.-Testsat subsonicspeedofthepresentsymm&ri-
calmodelinboththenormalandtheinvertedpositionshaveindicateda
slightstreamcurvatureandinclinationinthepitch@ene ofthemodel.
Resultsofthesetestsindicatethata +.05° streaminclinationanda
streamcurvaturecapableofproducinga pitcb@pnomentcoefficientof
-0.Otiat zeroliftexistthroughoutthesubsonicMachn@er rsmge.
No correctionsweremadeto thedataofthepresentreportforthe
effectofthesestreamirregularities.No measurementshavebeenmade,
however,ofthestreamcurvatureintheyawplane.At subsonicspeeds,
thelongitudinalveriationof staticpressureintheregionofthe
modelisnotknuwnaccuratelyatpresent,buta preliminarysurveyhas
indicatedthatitis lessthem2 percentofthedynamicpressure.No
correctionforthiseffectwasmade.

A surveyoftheairstreaminthe6-by &footwindtunnelat
supersonicspeeds(reference9)hasshowna streamcurvatureonlyinthe
yawplaneofthemodel.Theeffectsofthiscurvatureonthemeasured
characteristicsofthepresentmodelarenotknuwn,butexebelievedto
be smallas judgedby theresultsofreference13. Thesurveyofrefer-
ence9 alsoindicatedthatthereisa static~ressurevariationinthe
testsectionof sufficientmagnitudeto affectthedragresults.A
correctionwasaddedto themasureddragcoefficient,therefore,to
accountforthelongitudinalbuoyancycausedby thisstatic-pressure
variation.Thiscorrectionvariedfromasmuchas-0.~8 at a lkch s

nuniberof1.30to 0.0006at a Machnmiberof 1.70.

Supportinterference.-Atsubsonicspeeds,theeffectsofsupport
interferenceontheaerodynamiccharacteristicsofthemodelarenot
lmown.Forthepresenttaillessmodel,it isbelievedthatsucheffects
consistedprimarilyofa changeinthepressureatthebaseofthe
model.h aneffortto correctat leastpartiallyforthissupport
interference,thebasepressurewasnwasuredsmdthedragdatawere
adjustedto correspondto a basepressureequaltothestaticpressure
ofthefreestream. .

At supersonicspeeds,theeffectsof supportinterferenceofa
body-stingconfigurationsimilartothatofthepresentmodelareshown
by reference14tobe confinedto a changeinbasepressure.Thepre-
viouslymntionedadjustmentofthedragforbasepressure,therefore~
wasappliedat su~rsonicspeeds.

RESULTS

Thevariationofliftcoefficientwithangleofattackandthe
variationsofpitchi~oment coefficient,dragcoefficient,andlift—
dragratiowithliftcoefficientatkch nunibersfromO.60to 1.70and
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atReynoldsnumbersof1.66millionand2.91‘millionareshownin
figures3 and4,respectively.Similarcharacteristicsareshownin
figure5 forMachnunibersfromO.60to 1.6oata Reynoldsnumberof
4.1!5million.Theresultspresentedinfigure4 havebeensummarizedin
figure6 to shuwsom importantparamtersasfunctionsofMachnuniber.
Theslopeparametersinthisfigurehavebeenmasuredat zerolift.

Ams AeronauticalIdoratory,
NationalAdvisoryCommitteeforAeronautics,

MoffettField,Cal.if.
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Figurel.-Modelin theAmes6-by 6-#ootsupersonicwindtunnel.
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